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ABSTRACT : PROBLEM TO BE SOLVED: To improve the yield and quality of a semiconductor light 
emitting device and, at the same time, to decrease the threshold current density of the 
device, by forming an active layer to contain either a barrier layer or a well layer having a 
different composition or thickness from those of a barrier layer and a well layer as the 
central part of a super lattice in its terminating section. 

SOLUTION: In order to solve such a problem that the light output of a central well layer is 
absorbed by an outside well layer, InGaN/GaN strain relaxing layers 12 and 13 are formed 
adjacently to the upper end lower surface of an InGaN/GaN multiple quantum well(MQW) 
active layer 6. It can be considered that the layers 12 and 13 also have super lattice 
structure and the structures at both ends of the active layer 6 are different from that at the 
central part. The InGaN/GaN strain relaxing super lattices 12 and 13 work as buffer layers 
for making the strain applied to the MOW active layer 6 from a GaN guide layer zero. 
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MBJiG a N % -^#F®0 I n HjjftiffiffE I n G a N 
■ MQWvS14Jl^<7)#FWOI nfflfi)ti:#L< LTV> 
i-'Sal/- i'a >-t;ffl^7t#FS0Ji:§{±2 nm. 

[006 3 ] mUZ^-tXoiZ^ InGaN-MQWg 

ttJi^*^-?»GaN^LD comimmittpfkcomto t 

mztgto-? %>« |HJ— cr>/ 0 %/ 5 

[0064] »jft«JE* 1 ffi< I n G a N ■ 

MQWvSttSfcGaNjtf-'r FStiOiaCI nGaNM 

& tr *^ B Jco l d xii . m&mm t wie^w 
[ o o 6 5 ] <Rtc l & v ^emaa? KfiOM Qw#F««ee# 

14$ El 8 iZ^krt. p -GaNXM FJf, p — A 1 GaN 
? 5 y HW^O^-Y 'J T&W\3MZ 1 x 1 0 1 6 c m- 3 1 L 

mzHLtc; - ?<vmmm7 1 mmx*> h . 

[0 06 6] i8t:^tJ:oC> MQWMttJf 
GaNSLD«L#l ^mze^A t M Q W4tF^OiiJP 
fcfttflttO-^-S . L*» L#F«/Kffi«^ I n fflj3Ufc# 
2 0%/5%CO±I^-. fflfi!t^IJI|«*r^-tfGaN^LD(i 
ffid^SWI S: ^ 4 V ^i*OG aNlLD (Cit^T L § 
v *efB8Sa?fl&& s St*; 3 0 % t JSikf ■§> i t tftyfrh . 

[0 06 7 ] ^COJli;*^. InGaN-MQWvSttl 
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9 . t£*ff>G aN»LDC*5^t. JWttfRE*)®** U 

[0069] i/iic«ursftissaii«**tf*je2^ 

^ '3 . 3SUflW± tot bSStfRSft^m 2 comMiOM 

MZii. vSttlffl fc pI*M H^tcoiaCA 1 GaN* -v 
•v 7 J3£fi$t^£^#& A 1 GaNJffvri 
fit * t^|f(^SEa?Ktf5fi6afc:t*»*«T , AiA t , 

[007 1 ] A 1 x G a, _„ N^r-v y TJIS: I n G a N 
• M CI WiffffiS fcp-GaN HA YMt. Ofalfc-fr&Z 

V »-C . G a N&L DOTtfrfls^<OMQW#F»£#tt* 

> 5 a. U - y a > £ J: 0 SihtzMimtm 9 iz^t . C <0 

> 5 a U-> a VtCfflUfcG a.NSLD<J0lfjt(i, *Stt 

ft. HUiai riGaN • MQWJS1±®6 i; p — G a N iJA 
VMl tcrMlZ.K 1 Ga 1 y 7 0 Ji£ J ?R£-f & i: 

tm 1 1 (C^-f G aN^LDt^, 
[0 0 7 2] BulBi'S il'— yayfcffll^LD^ig 
Stfte. n-GaN3y;? hJ§2 (3X1 0 18 cnr 3 . 
J?£ 0 . 1 urn ) . n-AIGaN^77H14 ( 1 X 
1 0 18 cnr 3 . )5$0. Sum) , TV H— TV) i -G 
aN/;M h'15 (5$0. 1 jum) „ In 0 . 15 Ga 0 .85 
N(2. 5 nrn) / I n 0 . of ,Ga 0 95 N ( 5 nm ) • M 
QWv£<t£Jf6. piXli7>'H-TiSAl, Ga,., 
N*wy°m (pSWi§-^l XI 0 16 cm- 3 . J5£2 0 
nrn) , p IXIi 7 >' K - 7' i SG a N KJI7 (p 
S^tnlXlC'ciri" 3 , J?$0. lAtrn) „ p-A 
lo.i5CTa 0 . 85 N^7-v (1X1 0 16 cm"S, Jg 

$0. 3jum) „ P -GaNny^?M9 (1X10 

[ 0 0 7 3 ] H9 CS^-J: 7 (C df-v -y T*Jf £1)D;Ux{f 
y7*Jl*^^^(CJt<Tiljf^lEE^J!jD^-^.. * 
-V y 7"JI<D A 1 x SrifflD^iXlf. Iwlfi* * -y 7"JfO 
PtSlS $ tfi^Ja-t £ OT'i&d^Efiti Jn-T - 1 #;b A> 
drA"yT®t^M VmkZmm&t LtzO&tTy 



ft'BBV- 10-242512 
[ 0 0 7 4 ] m 3 <?)H Sfe^ff^SC i> ft h GaN^LD 

v ^<im^Sfio^R^a fc » mria^ ^ y 7°fflo i. § ^ 

^P$1J LooiaifitSr H 0 . (IfcfBW* aN^LD 

[0075] ^hibmicommcmm^^Mmmi 

V&m-thW&M b Offllz $ ^> (c Buta^- y 7°^ Srffl \> >tl 

or, u# v»<i«a[W«ffi«<ofey>«e**«>4><ir i^a 

1 ffljS^Tvi'^A 1 » Ga,., N (0. lSxfiO. 

2 ) -r y 7°Jl^fflv^ie^* :: 2r <^rD, A 1 fflriE^/h 

^r.^^i , — i vi / _ ^ /^rr- \ m '■ -. ^ ' t. ' 

0 V <rt 1 x <J H U^U- <J 1} J m" '<S> C 'J' 

iClftt ilSK'* 4 i 4: j6**>*»* . i CO i: § * * -y 

1 * v ^wasa?**** f;teT-r sittii^ai-ct^ 

[0076] mzm 1 0 # » *S&B3<50^4 CO^M 

crmrniz-? t iftB^-r i) . ^ 4 cvmmnmmizti 1 1 1. 
g a n £ l d *± . mie* i ^mm^mmx-mm Ltzmm 

t Srm^^*>-ti-4 i 4: t ± 0 . M*w|iJ*Srffl 
Let ^ t> <?5t'* i. . 
[0077] -T^r*)*>0 1 0 iZ^fk-f i 5 fC, ] n G a N 
• MQWvSttJfcOMfflfC^LT I nGaNffllS^WiB 
J««L, Sfet-e^HBItBlfSfLT I nGaN/Ga 
NliftifMU WWSBtKfif L-T G a NilM 

[0078] ZCD£d (z-rixfi\ mifiS^fa/fS.t/BfffB 
itaijaSIIW^f^ffltCj: 0. GaN#$)!i: I nGaN*> 

Msmnte* m3mmmiz±ifzxmmm-*^y 

■v -y 7V)^ (t.* . M QWM1±^C0#F® W ^ H ¥ 

[0079] ££InGa N*^^4fflfiJt^llsl)i^ffl 
-ys-7a-^^5r KtWI L . G a N^LDO L# i^fiilg 

£-m*>&zk%< t£\mw.ffi.m&zi&m-t&izii. w, 

ifitthX'fo ZZtli^'j iT'i>^v ^. 

[00803 %ts*&wt±R0>m&0>jmtzmMzti 
hzta^. ±Mi<^>mm^mzt5\^x , M^ftiia 

Jlfiii: LT#FJfi7)l nfflfi5c;5rMQWvS14iliO#F« 
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^ix-Fjv^ f=¥> y ycomzmffl-fz z t tz i. o -eo 

[0081] 4fcfflj«3EiWB<0tt»lfc IT . KS« k # 
FWtf>*aj£kS§£lW8EU £ii6*> 3 F*&ffli££»S-$- 

&^>f Fm>? 5 K«t;ifi#*t4 i k &w<fz. ta» 

LMQWX(i#Fti!l'' 1 0(0 S QW ( Single Quantum 
Wei 1 ) tii&Cg ^X , k < (c#FH f)« § *«ffiftT 'h£ 

■$-&£k 

[0082] (£oT1»riE^*US J fcfflric3a8JBk H«<Z> 

155 fc I nSftj£k£&fc:3BfM-S£kfc:.fc9. Wffioft 
j&fb&Wi* £ k tiv £ X' t> 
[0083] ifc±Kc9H»WJBJ»fc*StvC, igtt®. 
S*^M&tm«£3dWB<^3ikLT, #F*/»ffiJf 

iUn, Ga,., N/GaN ( 0<xS 1 ) ±tli& I n 
„ Ga,., N/ In, Ga X - y N (0<xgl, x> 
y. 0<y^l. Ogx + ySDH^MQWtfe 
.SJ&^lCOlvCmiflLite* 4 , In, Al y G ai _ K _ y N 
/In z Al, Ga,^., N (0<xSl, OSyg 
1, OSx + y^l23.t' : 'x>z. 0<z£l, OgwS 
1, OSz+w^ 1 ) *>^*MQWiffin6ft^Ct 

k**-C£4. 

[00 84] 4fe*f6Wl4MQWffittJB**-f6GaN 
=&■ & **L*f ^T*3feBBS: JOT-f & £ 

mizmm LxBtiL-tz - k ci®;e£fti> < . 
bb^I"* jaw t&t ^mmx- . kssb t-T^ufc-r s 

,Tk#'-C#&„ 
[0085] 

[3WH<o»*] ±3S Lfz i. a fc^^«¥***i&*§§iB 
tciiUi". *SttJlk#-r FJB£fct±SttJBk?5-y K« 

G a N l^HfcffcteSSK&lS^*®* 0 k 

4. 

[0086] ifciSttJBk;>5M KJHkO!)#Bi£ifi»rMSi* 
t;i3^-C. ai±® t t'0#F®S.t/PfffilW^>'H d P> -y 
7°cDS*:J£*-f&>Ik(cJ;9s ^A'DTBtStoWxIl? 



[0087] £ 4>{.r;§ttB<0¥^*&l&k;!M FJf 

tco£tfT r m&z^mmi<zn^x^)?-$-&tz#>, rmz 
k #t £ h . $ 4. tc -v >/ r j§<7># ipc i 4 swewEEo 

[HI] 1 (50*M<7)Jf^^{^^^2ift|&5^ 

[H2 ] *^0HO^ 1 <?)j|SMi7)JBffi^^4^^*l&3lc^ 
*S«L^<yHfllitIll. 

[H3 ] *%BBfom i cDmMcomm(<zi&z>¥-mfo¥£%M 

[H4 ] *^(7^2cO|llf£^®^44 i W»:^^ 
[H5] *S|HB«o»2«5e»<O^JBK:ffi4 2 l i #fl55B^I 

[H6 ] *^Bjcom2«^6<7)^^-l.4 i »f*^^ 
BOM QWvSttScDW I n ffifiK k ^> Kfltit k 

[H7] *wmm2cvmm<vmmiz&&¥mik$£%M 

3^l1BkJt«LfclSI. 

[US ] *^BJcO^2<50|lt6^St^4^®^^ 

[09] ^WMnW. 3 CO^JfiW^CWSS A 1 G a N 

[HI 0] *fW^*4Olltt«0JgSlfc:f54^»*fBt 
[011] {s£*;7)MQWvg , t±ii*:^r-r«»#^f*^^a 
[012] «*£7)^f*fBt^aOMQWvgttBiftf^ 
[013] ^mSflcfBti6a*flll«i-S I n N . G a N . 

0, 

[014] tt5ft<7)^f*^^atfctt4MQW^tt« 
cOGaN^W HakRBfT&fWjcOM^KOaJ***^-'^ 

[015] ^co^^^Bt^aoiviQWigttJiiOltm 
Sr^-Tvsy Kmit0<, 

1- t7r^7lt 

2- -n-GaNny^^ VM 
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3»Ti/AuT««S 

4- n-A 1 GaN?77 Hig 

5- n -GaN#>( KJ1 

6- 1 nGaN/GaN, MQWJSfiJI 

7- p-GaN^ KB 

8- p-A 1 GaN?77Hi 



9-p-GaN3y^^ hJB 
1 0-S i 0 2 K 

1 l-.-N i /AuX(iPt/Au±^m®i 
12. 13-IriGaN/GaNg«| 
14.1 5-1 nGaNSMSSBJi 



[ill 



[132] 




ZZZZZZZJ— I 1 Ni/AuXtt Pt/Au 
10 Si0 2 

7p-6oN 

inGoN/GoN SffiHS 
6 IrGcN/GoM-MGW 
InGoN/GoN SttlOfi 
5n-GoN 

3 Ti/Au 
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n-AflGaN n-GaN 



nnnnflfinnflnnnn 
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InGoN/GoN £££US 



p-GoN p-AfGaN 
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InGoN /GaN-MQW 
S 



n-GaN 



^fij\firLnjijiji 



InGoN/GoN £«*0B 



9 

8-4 



14 



n-GcN 5" 



4 

2—1 



I — 



ZZZZZZZZ$-\\ Ni/AuXHpt/Au 
l0SiO 2 



p- GoN 



p-GaAiN 



D-AlGoN 



n-GaN 



,/7 p-GoN 
^6lnGaN-M0W?St|JS 

JZZZZZZtT3Ti/A« 



[05] 

[06] 



n-AiGoN n-GoN p-GaN p-AftGaN = Q . 



n-GaN p-GoN 



InGaN InGaN II H=[Hin HI 



InGaN-MQWfltt ^g* j JJJgt 

InGaN-MQW-2l±» 
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[014] 
InGaN/GoN-MQW 
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muuuuu 



- - GaN 
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[Ell 5] 
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[09] 
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£J£fO@ 



[HI 0] 



InGaNMQW InGaN/GaN 



n-GaN 



knill^UlaR- 



InGaN InGaN 
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[HI 1 3 



9~ 
8- 



2— 



p-GaN 



p-AlGoN 



n-A/GaN 



n-GaN 



-11 Ni/Au orPt/Au 
10 $102 
f 7p-GaN 

-r6 InGcN/GoN-MQW 
V&n- GaN 



v 3 Ti/Au 
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[HI 3] 










\ ^^Ina2 GaosN 
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